T HE auscultatory and phonocardiographic characteristics of ventricular septal defects have been the subject of several studies,'-5 none of them dealing specifically with the features of small defects. The present study represents an attempt to define the phonocardiographic pattern of ventricular septal defect with a small left-to-right shunt and normal pulmonary artery pressure. It was hoped that this might provide the clinician with a means of differentiating the murmur of a small ventricular septal defect from the " innocent " or " functional " murmur and from the murmur of mild infundibular pulmonic stenosis.
Material and Methods Twenty-one patients with small ventricular septal defects form the basis of this report. All were proved at cardiac catheterization to have a leftto-right shunt resulting in a pulmonary blood flow less than twice the systemic flow. Pulmonary artery pressures were normal in all. Twelve patients (group 1) had identical right ventricular and pulmonary artery systolic pressures and nine (group 2) had a slight gradient of less than 20 mm. Hg across the infundibulum of the right ventricular outflow tract. Ten patients were male, 11 were female. Their ages varied from 1 to 22 years. They were all completely asymptomatic and had normal electrocardiograms and roentgenograms.
All patients were carefully examined and phonocardiograms were obtained in all. In two instances the Sanborn Twin-Beam apparatus was used; in the rest of the patients the phonocardiograms were obtained by means gram, the carotid artery pulsation, the jugular venous pressure tracing, and the linear apex cardiogram were used. The chest expansions during respiration were registered simultaneously with phonocardiograms at the second right and second left intercostal space, in order to elucidate the respiratory changes in the splitting of the second sound. The aortic component of the second sound was identified by means of the dierotic notch on the carotid artery tracing, allowance being made for a lag of .03 to .04 second between the sound and pressure phenomena. All other tracings were obtained while expiration was held. The intensity of the murmurs was judged exclusively on auscultation (grade 1 to 6 according to Levine6), since the phonocardiograms were not thought to be adequate for such comparison.
The diagnosis of ventricular septal defect was based on oxygen saturation data in 15 parable to an injection directly into the left atrium. A second catheter was used to sample the pulmonary artery and the chambers of the right heart. The early appearance of the dye in the right ventricle, as compared to the right atrium and superior vena cava, suggested the presence of a left-to-right shunt at a ventricular level.7 3. Intracardiac phonocardiography (two patients).
The diagnostic significance of this technic is based on the fact that a murmur is maximal at its site of origin and is virtually absent proxinally. Thus, in the case of a patient with a ventricular septal defect, the murmur is of maximial intensity at the ventricular level, is absent in the right atrium,8' 9 and is transmitted slightly to the main pulmonary artery. In two patients intracardiac phonocardiography served as the only evidence of the presence of a ventricular septal defect, whereas in three additional children it confirmed diagnoses based on oxygen saturation data. Results Group 1 Among the 12 patients without any gradient across the infundibulum, the murmur was maximal at the fourth left intercostal space Cireulation, Volume XXIII, June 1961 Figure 2
Early systolic decrescendo murmur, restricted to the first half of systole.
parasternally in seven and at the third left intercostal space in five. The intensity of the murmur was grade III or IV in most instances. There was one patient with a grade II and one with a grade V murmur.
Phonocardiographically, the murmur was found to be pansystolic and plateau-shaped in seven instances, starting with the first sound and extending up to or just beyond the aortic component of the second sound ( fig. 1 ). In three cases the murmur was restricted to the first half of systole ( fig. 2 ).
On auscultation these early systolic decrescendo murmurs had a high-pitched quality and their short duration could readily be appreciated. In the remaining two cases without infundibular gradient, the murmur was clearly diamond-shaped, extending slightly beyond the aortic component of the second sound. One of these murmurs had a midsystolic, the other a late systolic peak (figs. 3 
and 4).
The second sound was best heard at the second left intercostal space and was of normal intensity in all patients. It is well documented that in the presence of pulmonary hypertension, secondary to increased pulmonary vascular resistance, the murmur loses its pansystolic character.2 Less well recognized is the fact that the murmur of a small ventricular septal defect may also greatly differ from the typical pattern.
In fact a pansystolic, plateau-shaped murmur was found in only half (11 out of 21) of the patients of the present study. Seven individuals had a distinct diamond-shaped murmur and in the remaining three children a short, early systolic, decrescendo murmur was found.
A gradient across the right ventricular infundibulum was not the only factor responsible for the production of a diamond-shaped murmur, for two patients without a demonstrable gradient had a diamond-shaped murmur, whereas four with a slight gradient had a plateau-shaped murmur. The latter observation may result because the pansystolic murmur of the ventricular septal defect masks the simultaneous and perhaps softer Circulation, Volume XXIII, June 1961 Figure 5 Wide splitting of the second sound with an interval of 0.06 second between the aortic (A) and pulmonic (P) valve closure, in a patient without infundibular or valvular gradient. The aortic closure sound, which occurred 0.04 second before the carotid dicrotic notch, is obscured by the systolic murmur at the fourth left intercostal space but is well visualized at the second right intercostal space and at the second left intercostal space in the second half of the tracing.
diamond-shaped murmur of very mild infundibular pulmonic stenosis. The diamondshaped murmur of pure ventricular septal defect, on the other hand, may occur because turbulence created by a small orifice may be similar to that originating at the site of a stenosed pulmonary valve, and may reach its maximum intensity in midsystole. One of these diamond-shaped murmurs had a late systolic peak ( fig. 4) , which according to Vogelpoel and Schrire'0 is characteristic of severe pulmonic stenosis. The latter diagnosis could easily be disproved, however, even on physical examination, by the normally split second sound. These findings indicate that a sharp separation of "regurgitant" from "'ejection " type systolic murmur" is not always possible. Even the most careful auscultation may fail to differentiate between a small ventricular septal defect, a ventricular septal defect with a slight degree of infundibular stenosis, and the rare case of isolated mild infundibular pulmonic stenosis.
Two of three patients with an early systolic decrescendo murmur had a minimal left-toright shunt not demonstrable by oxygen saturation data. Although the presence of Figure 6 Dia~mond-shaped murmur with midsystolic peak in a patient with small shunt at ventricular level (Qp/Qs = 1.6) and an 8-mm. Hg 
